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Preface

Vocational Education is a dynamic and evolving field, and ensuring that every student has access
to quality learning materials is of paramount importance. The journey of the PSS Central
Institute of Vocational Education (PSSCIVE) toward producing comprehensive and
inclusive study material is rigorous and time-consuming, requiring thorough research,
expert consultation, and publication by the National Council of Educational Research and
Training (NCERT). However, the absence of finalized study material should not imp&e
the educational progress of our students. In response to this necessity, we presei@the
draft study material, a provisional yet comprehensive guide, designed to brid gap
between teaching and learning, until the official version of the study matexga¥Is made
available by the NCERT. The draft study material provides a structured and\gccessible set
of materials for teachers and students to utilize in the interim pegiqdThe content is
aligned with the prescribed curriculum to ensure that students remajn ®n track with their
learning objectives. X0

The contents of the modules are curated to provide conti@ education and maintain
the momentum of teaching-learning in vocational educatipn. It encompasses essential
concepts and skills aligned with the curriculum and cational standards. We extend
our gratitude to the academicians, vocational edgc }ys, subject matter experts, industry
experts, academic consultants, and all other pe ho contributed their expertise and
insights to the creation of the draft study ma‘ﬁe

Teachers are encouraged to use the d}§s&c‘)dules of the study material as a guide and
supplement their teaching with addjtional resources and activities that cater to their
students' unique learning styles@;LAd needs. Collaboration and feedback are vital;

therefore, we welcome sug s for improvement, especially by the teachers, in
improving upon the conten e study material.

This material is copyri%%'éﬂ and should not be printed without the permission of the

NCERT-PSSCIVE. &

é Deepak Paliwal
C) (Joint Director)

c%., PSSCIVE, Bhopal
1)@% June 2024
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Module 1 Introduction to Plastic Industry

Module Overview \)@

This module will give a brief about the plastic as a material and jts @ctor in today
industrial world. The plastic industry is essential for producing gveéryday items, but
traditional methods can be wasteful and resource-heavy. SDK;Qnting, or additive
manufacturing, is revolutionizing this field by creating obje s@ r by layer from digital
models, reducing waste and production costs. This tech enables the creation of
complex, customized designs, speeding up the lopment of new products.
Particularly beneficial for prototypes and specializea‘@mponents, 3D printing enhances
efficiency and sustainability in the plastic industg %s integration is driving innovation
and shaping the future of manufacturing %Qg:king processes more efficient and

environmentally friendly. @(b.

&»&arning Outcomes

X
After completing this m%& you will be able to:
Understand? e f plastic industry
S

Explain @) ition of plastic material and its chemical properties
Explaig\diXerent types of plastic

o Expld the job role of Operator- Plastic 3D Printing
A%

Q%% Module Structure

1.1 Plastic Industry and its sectors
1.2 Role of Plastic Industry
1.3 Plastic - Its Chemical Composition

1.4 Characteristics of Plastic material
1.5 Job role of Operator - Plastic 3D Printing
1.6 Career Opportunities for Operator - Plastic 3D Printing
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1.7 Terminologies used in Plastic Industry

1.1 Plastic Industry and its sectors

We have observed various materials around us made up of plastic. Can you tell how
plastic is manufactured? What is the relevance of the plastic industry in India’s economy?
[s this sector has the potential to add business opportunities and jobs for \yg(ulng'
generation? It is natural to contemplate these questions when we focus specifically on
plastic industry sector. This chapter will help you to explore more about plastic industry
and after such reading; all these questions can be easily answered by you.
AN

The plastic industry, often referred to as the polymer industry, revolves around the
production of synthetic (or man-made) polymers that are used _FOA create a wide range of
plastic materials and products. These materials are derived from petrochemical sources,
making them highly versatile, lightweight, and durable.

L©
Yes! We have learnt about polymers in earlier
classes. Let us recall it once again.

Polymers are long chains of molecules made up of
repeating units called monomers (as shown in
Fig. 1.1). Imagine polymers as a string of beads
where each bead is a monomer. These long chains
give polymers their unique properties, such as
flexibility and durability.

For example, one common polymer is

g polyethylene, which is used to make plastic bags.
In polyethylene, the repeating unit (monomer) is
ethylene. When many ethylene monomers link
together in a long chain, it forms polyethylene,

% creating a flexible and lightweight material
0% perfect for carrying groceries and other items.

W In this chain, a single molecule is
= monomer and the chain is called as a
Polymer.

Fig. 1.1 Polymer

A
w
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Key Sectors within the Plastic Industry
Following are the sectors which depend upon the plastic industry:
e Packaging Sector:
The packaging sector is one of the largest consumers of plastic materials. Plastics
are used to create bottles, containers, bags, and wraps for various products,
including food, beverages, cosmetics, and pharmaceuticals. Plastics offer
exceptional barrier properties, extending the shelf life of perishable goods and

reducing waste. b
e Construction Sector: %)

In the construction sector, plastic materials find applications in pipes, i{l}ﬁﬁﬁon,

roofing, and various building components. PVC (polyvinyl chlorid HDPE

(high-density polyethylene) pipes are widely used for water supply drainage
systems due to their durability and resistance to corrosion. ,\QQJ

e Automotive Sector:
Plastics have revolutionized the automotive industry 'fh’ey are used in the
production of lightweight and fuel-efficient veb{c{§) components, such as
bumpers, interior trims, dashboards, and eveﬁ%me engine parts. These
materials contribute to improved fuel econom vehicle safety.

e Healthcare Sector: .
Plastics plays an important role in the@%ealthcare sector. They are used to
manufacture a wide range of medical@ces and equipment, including syringes,
and prosthetic implants. Their bi (f@fpatibility and sterilization capabilities are
vital in ensuring patient safety,

S

e Agriculture Sector: 0'6
Plastic materials like@yethylene are extensively used in agriculture. They are
employed for creadg mulch films, greenhouse coverings, and irrigation systems.
These technolggi®s aid in water conservation, crop protection, and enhanced
yields.

. Cons;i{;@(.oods Sector:
Av ray of consumer products, from toys to electronics, incorporates plastic
cgmp¥nents. The versatility of plastics allows for intricate designs and color

%ptions, making them popular choices for consumer goods manufacturers.
Q%Electronics Sector:

The electronics industry relies on plastics for casings, insulation, and component
housings. Plastics like polycarbonate and Acrylonitrile Butadiene Styrene (ABS)
are favored for their electrical insulation properties and resistance to impact.

e Textiles Sector:
The textile sector benefits from plastic-based fibers like polyester and nylon,
which are known for their strength, durability, and wrinkle resistance. These
synthetic fibers have become essential in the production of clothing, upholstery,
and other textiles.
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e Recycling Sector:
Recycling is an essential part of the plastic industry, focusing on the collection
and reprocessing of plastic waste. Recycling not only reduces the environmental
impact of plastic disposal but also promotes sustainability by reusing materials

in new products.

1.2 Role of Plastic Industry

Let us now understand the role and scope of the plastic industry sector in country’s
economy.

The plastic industry holds a significant role in India's and the world's economy,
impacting our daily lives in various ways. It provides jobs to millions of people, which
means a lot of families depend on it for their livelihoods. Can you believe it? The segment
openly employs more than fifty lakh people & pays more than three lakh crore to the
nation's GDP. This industry serves as the cornerstone of various economic activities,
contributing significantly to employment, trade, and innovation.

This industry produces a wide range of plastic products used in packaging, construction,
healthcare, transportation, and more. Its economic significance is underscored by its
substantial contribution to national and global GDP. In essence, the plastic industry is an
integral part of our modern economy and society, providing us with the convenience,
durability, and versatility we often take for granted.

The plastic industry does not just impact India; it is a big player worldwide. In fact, it is
worth over a trillion dollars globally. This industry also creates jobs everywhere.

Activity

Observe around yourself (your school, home etc.) and list down all the
materials made up of plastic. Also write usage of these materials. Keenly
examine the design of such materials. What do you think so, how these
shapes have been formed? Is this easy to get manufactured? Think and write!

1.3 Plastic - Its Chemical Composition

As previously discussed, plastics are made from polymers, which are large molecules
composed of repeating units called monomers. These monomers in plastics are mostly
derived from hydrocarbons. Hydrocarbons are molecules made up of Carbon (C) and

_________________________________________________________________________________________________________|
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Hydrogen (H) atoms. Common monomers used in plastics include ethylene, propylene,
vinyl chloride, and styrene.

For example, in polyethylene (PE), the monomer is ethylene, and in polypropylene (PP),
the monomer is propylene.

The process by which these monomers are chemically bonded together to form long
chains is called Polymerization. Polymerization reactions are typically initiated by
heat, pressure, or catalysts. The long chains formed by the repeated bonding of [
monomers are known as polymers. These polymers have a backbone made up of
Carbon-Carbon (C-C) bonds.

1.4 Characteristics of Plastic Material

Plastic materials are a diverse group of synthetic or semi-synthetic organic solids that
are commonly polymers of high molecular mass. They exhibit a wide range of
characteristics, making them versatile and suitable for various applications. Here are
some key characteristics of plastic materials:

Plastics are versatile synthetic materials used for various applications.

They are lightweight, making them suitable for transportation and packaging.
Plastics are durable, resistant to wear, corrosion, and chemicals.

Good insulators of electricity and heat, making them useful in electronics and

B W N e

insulation.

Plastics can be transparent or coloured, offering aesthetic and functional options.
Easily mouldable into complex shapes.

Many plastics exhibit chemical resistance, suitable for harsh environments.
Some plastics can be recycled, contributing to environmental sustainability.

. Low electrical and thermal conductivity, making them ideal for insulation.

10. Cost effective.

© © N w

1.5 Job Role of Operator - Plastic 3D Printing

The Operator Plastic-3D Printing role involves setting up and operating 3D printing
machines, loading materials, conducting quality checks, troubleshooting issues, and
performing routine maintenance. Collaboration with design teams, adherence to safety
protocols, and continuous learning about evolving technologies are integral aspects of
this position, ensuring efficient and high-quality 3D printing processes.
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Here are some specific job roles of Operator - Plastic 3D Printing:

1. Equipment Setup: Operate and set up 3D printing machines, ensuring proper
calibration and configuration for the specific plastic material being used.

2. Material Loading: Load plastic filaments or pellets into the 3D printer,
monitoring and managing material supply throughout the printing process.

3. Quality Control: Conduct regular quality checks on printed products to ensure
adherence to specifications, making adjustments to the printing parameters as
needed.

4. Troubleshooting: Identify and troubleshoot issues during the 3D printing
process, addressing malfunctions, errors, or deviations from design
requirements.

5. Maintenance: Perform routine maintenance on 3D printing equipment,
including cleaning, calibrating, and replacing parts to ensure optimal machine
performance.

6. Safety Compliance: Adhere to safety protocols and guidelines, including the
proper handling and disposal of materials, to maintain a safe working
environment.

7. Process Optimization: Collaborate with engineering and design teams to
optimize 3D printing processes for efficiency, speed, and quality improvements.

8. Documentation: Maintain accurate records of printing parameters, material
usage, and any adjustments made during the printing process for future reference
and analysis.

9. Communication: Effectively communicate with team members, supervisors, and
other relevant stakeholders regarding production progress, challenges, and
solutions.

1.6 Career Opportunities for Operator - Plastic 3D Printing

Operators in Plastic 3D Printing have diverse opportunities, including specialization in
industries, advancement in process optimization, research and development, leadership
roles, and continuous learning for career growth. Following are some key opportunities
for this job role:
1. Process Optimization Specialist: Advance into roles focused on optimizing 3D
printing processes for increased efficiency and quality.
2. Research and Development: Explore opportunities in R&D, contributing to
innovative projects and technological advancements in the field of plastic 3D
printing.
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3. Industry Specialization: Specialize in specific sectors such as aerospace,
healthcare, or automotive, gaining expertise in tailored applications of 3D
printing technology.

4. Leadership Roles: With experience, operators can move into leadership
positions, overseeing teams and projects within the 3D printing domain.

5. Educational Roles: Share expertise by transitioning into roles that involve
training and educating others on the principles and practices of plastic 3D
printing.

6. Quality Assurance: Explore roles in quality control and assurance, ensuring that
3D printed products meet industry standards and specifications.

7. Materials Development: Contribute to the development of new plastic materials
suitable for 3D printing applications, working closely with material scientists and
engineers.

8. Entrepreneurship: Pursue entrepreneurial ventures by establishing a 3D
printing service or consultancy, offering expertise to businesses and industries.

9. Technological Sales: Enter the sales sector, promoting and selling 3D printing
equipment, materials, and services to businesses and manufacturers.

1.7 Terminologies used in Plastic Industry

The plastic manufacturing sector employs a diverse range of terminologies essential for
understanding the processes, materials, and characteristics integral to the industry.
These terms serve as the building blocks for effective communication and
comprehension in the world of plastic production.
Let us go through such terminologies that will enhance your keen understanding about
the plastic manufacturing sector:
1. Injection Molding: A common plastic manufacturing process where molten
plastic is injected into a mold cavity, forming a specific shape upon cooling.
2. Extrusion: The process of forcing molten plastic through a shaped opening,
creating continuous profiles or sheets used in various applications.
3. Blow Molding: A technique where heated plastic is inflated into a mold, creating
hollow objects such as bottles or containers.
4. Thermoforming: A process in which a flat sheet of plastic is heated and molded
into a three-dimensional shape using a mold.
5. Polymer: A large molecule composed of repeating structural units known as
monomers, forming the basis of plastic materials.
6. Resin: The raw, unprocessed form of plastic material before it undergoes
manufacturing processes.
7. Copolymer: A polymer derived from the polymerization of two different
monomers.
e —

PSS CENTRAL INSTITUTE OF VOCATIONAL EDUCATION, NCERT BHOPAL




Operator - Plastic 3D Printing- Grade XI _

8. Additive Manufacturing: A process that builds objects layer by layer, commonly
known as 3D printing, using computer-aided design (CAD) data.

9. Masterbatch: A concentrated mixture of pigments or additives used to colour or
modify the properties of plastic during the manufacturing process.

10. Flame Retardant: Additives incorporated into plastics to reduce flammability
and slow down the spread of flames.

11. Recycling Code: A numbering system (1-7) within a triangular symbol on plastic
products, indicating the type of resin and guiding recycling processes.

12. Tensile Strength: The maximum stress a material can endure while being
stretched or pulled before necking, which is the point where it starts to deform
permanently.

13. Mould Release Agent: Substance applied to moulds to help release the moulded
part easily, preventing sticking.

14. Plasticizer: A substance added to plastics to increase flexibility and durability.

15. Shrinkage: The reduction in size or volume of a plastic part as it cools and
solidifies after moulding.

16. Mould Cavities: Hollow spaces in a mould where molten plastic is injected to
form the desired shape.

17. Thermoplastic: Plastics that can be melted and re-moulded multiple times
without undergoing significant chemical change.

18. Thermosetting Plastic: Plastics that, once moulded, undergo a chemical change
and cannot be re-melted or re-moulded.

19. Undercut: A feature in a moulded part that prevents it from being easily removed
from the mould.

20. Runner System: The channels that deliver molten plastic from the injection unit
to the mould cavities in injection moulding.

Check Your Progress

A. Multiple Choice Questions

1. What is the primary source of raw materials for the plastic industry?
a) Natural fibers b) Petrochemical sources

c) Metal ores d) Plant extracts

2. Which sector extensively utilizes plastics for water supply and drainage systems?
a) Healthcare b) Construction
c) Automotive d) Electronics

3. What is the primary role of plastics in the healthcare sector?
a) Creating mulch films b) Manufacturing electronic components

_________________________________________________________________________________________________________|
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c) Producing medical devices and equipment
d) Insulating buildings

4. Which characteristic makes plastics suitable for electronics applications?
a) Transparency b) High electrical conductivity

c) Resistance to wear d) Good insulators of electricity
d) Good insulators of electricity

5. What is the main responsibility of an Operator Plastic 3D Printing?
a) Packaging products b) Operating 3D printing machines

c) Harvesting crops d) Repairing automobiles

B. Match the Following:

Terminologies Definition
1. | Injection Molding A. | A polymer derived from the
polymerization of two different

monomers.
2. | Copolymer B. | A process in which a flat sheet of

plastic is heated and molded into
a three-dimensional shape using a
mold.

3. | Thermoforming C. | A common plastic manufacturing
process where molten plastic is
injected into a mold cavity,
forming a specific shape upon
cooling.

4. | Thermoplastic D. | A concentrated mixture of
pigments or additives used to
color or modify the properties of
plastic during the manufacturing
process.

5. | Masterbatch E. | Plastics that can be melted and re-
molded multiple times without
undergoing significant chemical
change.

C. Answer the following (About 100-150 words):
1. Explain the significance of the plastic industry in India's economy
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2. Describe the role of plastics in the automotive sector.
3. What are the primary characteristics of plastic materials?

D. Answer the following (About 200-250 words):
1. Discuss the career opportunities available for Operators in Plastic 3D Printing,
including various specializations and advancement pathways within the industry.

Basics of 3D Printing

Module Overview

O
S
This module introduces students to 3D printing, a tecknology that creates three-
dimensional objects from digital designs. It covers th tory of 3D printing, showing
how it evolved over time. Students will learn abo ifferent types of 3D printing and

how it compares to traditional manufacturinggethods. The module also explores
Computer Numerical Control (CNC) machine&@ie general steps involved in 3D printing,
and the role of 3D printers in the p 1 industry. Additionally, it discusses the
disadvantages of 3D printing and the vaylous software tools used to create 3D designs.
This overview will give studen%' basic understanding of 3D printing and its

significance.
GS"O’

>
~

7
After coml@éﬂs module, you will be able to:

o U tand the technology of creating 3D objects from digital designs.
Eg)xderstand the evolution and key milestone of 3D Printing technology.
<

Learning Outcomes

Describe the role of CNC
Evaluate advantages and disadvantages of 3D printing in plastic industry.

Module Structure

2.1 3D Printing - An Overview
2.2 History of 3D Printing
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2.3 Classification of 3D Printing

2.4 Computer Neural Network (CNC) - Overview

2.5 Additive Manufacturing VS Traditional approach in Plastic Industry

2.6 Disadvantages of 3D Printing

2.7 General Steps of 3D Printing Process

2.8 Role and Importance of 3D Printer

2.9 Various Software used in 3D Printing

2.1 3D Printing - An Overview

Can you imagine, a printer can turn designs into real objects? Does printing can only be
done two dimensional? From starting we have only seen printing on papers, textiles etc.
But if we wish to build a toy (which is three dimensional and having length, width and
height), how can this be printed?

You know, the answer to all of the above questions asked is a big “YES”. Quite Strange?
Let us read a short story!

mn the town named Vigyanpur, school students received a surprisx
package. A magical 3D printer was awaiting them. Their teacher said,
"Today, we will move into the world of 3D printing!" With curiosity, all
the students gathered around. The teacher explained that the printer
turned ideas into real objects. Layer by layer, it created things! The
class buzzed with excitement. From toys to tools, anything was
possible. As they explored the basics, the 3D printer became their
guide to a world where dreams get materialized. Little did they know,
this chapter in Vigyanpur would spark their creativity and shape a

Qlture of endless possibilities” J

Hence, we can state that 3D printing is like making things layer by layer using a special
machine. People create all sorts of stuff with it, like toys, tools, and more. So, let's find
out together what 3D printing really is and how people are using it in this exciting
technology world.

3D printing is like making things piece by piece,
adding material layer by layer. It is similar to building
with Lego blocks (as shown in Fig 2.1) automatically.
Imagine creating something step by step, like building
a Lego structure, but a machine does it for you.

Fig 2.1 Lego Blocks
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This advance technology allows us to be super creative and make unique designs without
using traditional tools. Hence, 3D printing is a process of creating three-dimensional
objects layer by layer from a digital model. Instead of subtracting material like
traditional methods (such as carving or milling), 3D printing adds material to build up
the final product.

The significance of 3D printing lies in its transformative impact on manufacturing and
design. It allows for unprecedented design freedom, enabling the creation of complex
structures and intricate geometries that were previously challenging or impossible to
produce. 3D printing is considered a tool-less process, reducing costs and lead times
associated with traditional manufacturing. It promotes innovation by providing a
platform for customized and on-demand production, and it is emerging as an energy-
efficient and environmentally friendly technology by optimizing material use and
creating lighter, stronger products.

/ Is 3D Printing and Additive \

Manufacturing is same?

3D Printing and Additive Manufacturing
(AM) essentially refer to the same process.
They both involve building objects layer by
layer from a digital model. "Additive
manufacturing" is the broader term that
encompasses various techniques of creating
objects layer by layer, including 3D Printing.
So, while "3D Printing" is a commonly used
term, "Additive manufacturing” is often
preferred in industrial contexts to
encompass a wider range of technologies

K and applications. /

Do you ever think that from where 3D printing process has been started? Let us go
through the history of 3D printing.

2.2 History of 3D Printing

The story of 3D printing began in the late 1980s when it was known as Rapid Prototyping
(RP). Initially conceived as a faster and cost-effective method for creating prototypes in
industries, the first patent application for RP technology was filed by Dr. Kodama in
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Japan in May 1980. However, due to a filing deadline issue, the patent application was
voided.

The first patent for 3D printing technology was granted in 1986 to Charles Hull for stereo
lithography apparatus (SLA). He co-founded 3D Systems Corporation in 1983, a

major player in the 3D printing sector today. The SLA-1, 3D Systems' first commercial
RP system, was introduced in 1987.

In the late 1980s, other key technologies emerged, including Selective Laser Sintering
(SLS) patented by Carl Deckard in 1987 and Fused Deposition Modeling (FDM) patented
by Scott Crump in 1989, who later co-founded Stratasys Inc. These technologies laid the
foundation for diverse 3D printing methods.

Throughout the 1990s and early 2000s, new 3D printing technologies continued to
emerge, focusing on industrial applications, prototyping, and expanding into Rapid
Tooling, Rapid Casting, and Rapid Manufacturing. Various companies were established
during this period, such as Solidscape and ZCorporation in 1996, Arcam in 1997, and
EnvisionTec in 2002.

In the mid-1990s, the 3D printing sector diversified into high-end systems for complex
part production and cost-effective systems for concept development and prototyping.
These were still primarily for industrial applications.

In 2007, the market saw the first 3D printing system under $10,000 from 3D Systems.
This period marked the turning point for accessible 3D printing, and in 2009, the first
commercially available 3D printer based on the open-source RepRap concept was
offered for sale by BfB RapMan.

2012 witnessed the introduction of alternative 3D printing processes at the entry level,
including the B9Creator and the Form 1, both launched via Kickstarter. This period saw
significant growth, consolidation, and increased media attention.

In 2013, MakerBot was acquired by Stratasys, further emphasizing the growth and
impact of 3D printing. Often referred to as the 2nd, 3rd, or even 4th Industrial
Revolution, 3D printing continues to shape the industrial sector and demonstrate vast
potential for consumers. The unfolding future of 3D printing remains a captivating
narrative in the realm of technology and manufacturing.

As of the early 2020s, 3D printing continues to evolve. Advances in speed, scale, and
affordability are making the technology even more attractive across industries.
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Continuous improvements in software and hardware are pushing the boundaries of
what can be achieved, from large-scale construction projects using 3D-printed
structures to innovations in aerospace and automotive manufacturing

2.3 Classification of 3D Printing

3D printing can also be classified on multiple parameters, each providing insights into
the different aspects of the technology. Here are some key classification parameters:

1. Based on Printing Technology:
On the basis of printing technology, 3d printing can be classified as:

e Stereolithography (SLA): Uses a laser to solidify liquid resin layer by layer.

e Fused Deposition Modeling (FDM): Extrudes thermoplastic material layer by
layer.

e Selective Laser Sintering (SLS): Utilizes a laser to sinter powdered material layer
by layer.

e Poly]et Printing: Jets liquid photopolymer that solidifies under UV light.
The above given is just an overview of the processes. The detailed description
about each of the above used technology will be discussed in upcoming unit.

2. Based on Materials Used:

e Plastics: Commonly used in FDM and SLA printing.

e Metals: Utilized in processes like Direct Metal Laser Sintering (DMLS).

e Ceramics: Applied in certain specialized applications such as Binder jetting 3d
printer

e Biocompatible Materials: For medical applications, including tissue engineering.

3. Application Areas:

e Prototyping: Rapid production of prototypes for design validation.

e Production Parts: Manufacturing end-use parts for various industries.

e Medical Applications: Creating customized implants, prosthetics, and anatomical
models.

e Aerospace: Production of lightweight and complex components.

4. Scale of Printing:

e Desktop 3D Printers: Small-scale, affordable machines suitable for personal use.

e Industrial 3D Printers: Larger machines capable of producing high-quality,
complex parts.
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5. Cost and Accessibility:

e Consumer-Level 3D Printers: Affordable, user-friendly machines for home or
educational use.

e Professional-Grade 3D Printers: More expensive, with advanced features for
professional applications.

6. Speed of Printing:
e High-Speed Printing: Faster printing processes for larger-scale production.
e Standard Speed Printing: Balances speed with precision for various applications.

2.4 Computer Neural Control (CNC) - Overview

Here a question comes in our mind why we are studying this new term CNC? What it
stands for? Why it become necessary to know about CNC along with 3D Printing or
Additive manufacturing?
So, CNC stands for Computer Numerical Control which is a modern manufacturing
technique that uses computer software to automate and precisely control the
movements of machine tools. This technology is embedded within the tools themselves,
allowing for the creation of various metal and plastic parts.

CNC is widely applied in manufacturing processes, especially for machines like mills,
lathes, routers, drills, grinders, water jets, and lasers. These cutting tools can be
automated using CNC, enabling efficient and accurate production. Additionally, CNC
technology is versatile and extends beyond traditional machine tools, as it can also be
employed in controlling non-machine tools like welding, electronic assembly, and
filament-winding machines.

f Is CNC and Subtractive Manufacturing is same?\

Yes, CNC (Computer Numerical Control) machining and
subtractive manufacturing is essentially the same thing.
Subtractive manufacturing refers to the process of creating
objects by removing material from a larger piece, typically
using techniques like cutting, drilling, milling, or grinding. CNC
machining is a specific method of subtractive manufacturing
where computer-controlled machines are used to precisely
remove material from a workpiece according to a digital
design. So, while "subtractive manufacturing" is the broader
term, "CNC machining" is a specific subset of subtractive

manufacturing that involves automated control through
computers.
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After understanding the terms CNC (Subtractive manufacturing) and 3D Printing
(Additive manufacturing), let us learn the key differences between Subtractive and
Additive Manufacturing. Are they reversing techniques of each other?

Following are the key differences between CNC and Additive manufacturing:

1. Material Removal vs. Material Addition: CNC removes material to create a final
product, while additive manufacturing adds material layer by layer (as shown in
Fig. 2.2)

2. Precision and Detail: CNC is excellent for creating precise and detailed parts
through cutting and shaping, while additive manufacturing allows for intricate
designs and complex geometries.

3. Waste Production: CNC can generate more waste as it removes material, while
additive manufacturing tends to produce less waste since material is added only
where needed.

4. Versatility: CNC is often used for various materials like metal and plastic,
whereas additive manufacturing is adaptable to a wider range of materials,
including certain types of plastics, metals, ceramics, and even food.

Subtractive

Additive

[ Fig. 2.2: Difference between Subtractive and Additive Manufacturing J

Hence, CNC and Additive Manufacturing are two different approaches to creating
objects. CNC is like sculpting from a block of material, while Additive Manufacturing is
like building with Lego bricks, adding one piece at a time. Each method has its strengths
and is suitable for different applications in manufacturing.
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Till now, we have discussed various approaches, such as CNC and 3D Printing. Now, we
should be must aware about that for what purposes actually 3D printer can be used. Let
us cover a short story:

ﬂi, a 17-year-old entrepreneur, wants to start his\

business selling different designs of plastic cups.
However, he is unsure about the manufacturing and
production process for the cups.

The question arises: Can 3D Printing work here?

The genuine answer to this question is 'YES,' but only
for preparing the prototype of the product. Jai can
design the product and print it via 3D printing to
evaluate the prototype.

On the other hand, the answer to the above question
is 'NO' for mass production. This is because ample
time is required for printing each product, making it

K inefficient for mass manufacturing. /

So, it mandatory to know about the actual usage of 3D printer. Like where to use?
Therefore, let us understand the difference in Additive manufacturing and Traditional
approach in plastic industry precisely.

2.5 Additive Manufacturing VS Traditional Approach in Plastic Industry

The plasticindustry traditionally relies on methods like injection molding, extrusion, and
blow molding for manufacturing various products.

Injection molding involves injecting molten plastic into molds, extrusion creates
continuous profiles like pipes, and blow molding forms hollow items. These processes
are efficient for mass production but often involve high tooling costs and limited design
flexibility. With the integration of 3D printing, significant changes have emerged. 3D
printing allows for the creation of customized and intricate plastic designs, reducing
tooling costs as molds are not required for each design. This method offers unparalleled
design flexibility, enabling the production of complex geometries.

Additionally, 3D Printing minimizes waste, making it more environmentally friendly.
The versatility of material options in 3D Printing opens doors to a broader range of
plastics. While traditional methods remain crucial for large-scale production, the
e —
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inclusion of 3D Printing introduces a transformative approach, particularly beneficial for
prototyping, customization, and the production of unique plastic components.

2.5.1 Traditional Methods in the Plastic Industry
Following are the traditional methods for manufacturing used in plastic industry:
1. Injection Molding:

Process: Molten plastic is injected into a mold cavity, cooled, and then ejected as
a solid product.
Application: Used for producing a wide range of plastic items, from small
components to large products like automotive parts.
Advantages: Cost-effective for large production volumes, high precision, and
consistency.

2. Extrusion:
Process: Plastic material is melted and forced through a die to create a continuous
profile, such as pipes, sheets, and films.
Application: Commonly used for creating items like pipes, tubes, and sheets.
Advantages: Continuous production, versatile for various shapes, and cost-
effective for long runs.

3. Blow Molding:
Process: Heated plastic is inflated into a mold, taking its shape as it cools.
Application: Suitable for producing hollow objects like bottles, containers, and
certain types of packaging.
Advantages: Cost-effective for large quantities of hollow products.

2.5.2 Changes with the Inclusion of 3D Printing Methods
After the inclusion of 3D printing, Following are changes occurred:

¢ Customization and Prototyping:
Advantage: 3D Printing allows for the creation of highly customized and intricate
plastic designs. It is particularly useful for rapid prototyping, enabling quick
iterations and testing of new concepts before mass production.

¢ Reduced Tooling Costs:
Advantage: Unlike traditional methods that often require expensive molds for
each design, 3D Printing doesn't necessitate the same level of tooling, making it
more cost-effective for small batches and unique products.
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e Design Flexibility:
Advantage: 3D Printing offers greater design flexibility, allowing for the
production of complex and geometrically intricate plastic parts that may be
challenging or costly to achieve with traditional methods.

e Environmental Considerations:
Advantage: 3D Printing can be more environmentally friendly in terms of waste
production. Traditional methods may generate more waste due to the need for
subtractive processes and excess material, whereas 3D Printing adds material
layer by layer, minimizing waste.

e Versatility in Material Options:
Advantage: While traditional methods are limited to specific plastic materials, 3D
Printing allows for the use of a broader range of plastic materials, including
specialty and composite materials.

Additionally, 3D printing minimizes waste, making it more environmentally friendly.
The versatility of material options in 3D printing opens doors to a broader range of
plastics. While traditional methods remain crucial for large-scale production, the
inclusion of 3D printing introduces a transformative approach, particularly beneficial for
prototyping, customization, and the production of unique plastic components.

Do you know?

Rapid Tooling in 3D Printer

Rapid tooling is a manufacturing process that uses special techniques and
technologies to quickly and efficiently produce high-quality production tools.

One of the main benefits of rapid tooling is that manufacturers can quickly and
easily produce custom tools and parts that can be used for a variety of
O applications such as prototyping, testing and low-volume production.

2.6 Disadvantages of 3D Printing

Despite the numerous advantages, it is important to acknowledge that there are also
drawbacks to 3D Printing. Here are the disadvantages listed:

1. High initial and ongoing costs.

2. Slower printing speeds, especially for intricate designs.

3. Limited material options compared to traditional manufacturing methods.

4. Challenges in maintaining consistent print quality.
e —
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Difficulty in printing certain designs without support structures.
Post-processing requirements for achieving desired finishes.
Environmental concerns associated with certain printing materials.

Risks of intellectual property infringement due easing of design replication.
Size limitations on the objects that can be printed.

10. Need for specialized expertise in design and troubleshooting

© 0N o

2.7 General Steps of 3D Printing Process

Following are the general steps (as shown in Fig. 2.3) involved in 3D printing process:

3D Cad STL Slicing Layer Slices & AM 3D
Model File Software Tool Path Process Object

Fig 2.3 General steps of 3D Printing Process

1. Designing:
Step 1: Create a digital 3D model of the object using computer-aided design (CAD)
software.
Step 2: En